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THE EXCRETORY FUNCTION OF THE KIDNEY.

To test the performance of an organ in the body the
first thing necessary is to define the duties that it has
to perform. In the case of the kidney three duties,
equally essential, are carried out in health with a pre-
cision that is marvellous. The most obvious of these,
the removal of nitrogenous waste, the excretory func-
tion, has most frequently been made the subject of
tests. This is naturally so, since the culmination of
the evils resulting from disordered action of the kidney
is uraemia. The name uraemia begs the question as to
how it is to be understood, but most investigators agree
that the tests carried out on the excretory performance
of the kidney are at least successful in giving warning
of the approach of this condition. The methods of
-estimating the amount in the blood of the best-known Isubstances excreted in the urine have been in recent
years so much improved, especially by the great
master of technique Folin, that anyone who wishes
and has the patience can say whether urea,
ammonia, uric, acid, or creatinine is present in
the blood in larger quantity than is found when the
kidneys are working normally. And while for each
of these substances advocates may be found who hold
that it, rather than the others, is the surest guide in the
valuation of the kidney’s work, there is probably more
agreement on the significance of a rising amount of
nitrogen in all forms other than that of proteins, than on
the significance of any information with which the

laboratory can supply the physician.
But surer means of recognising approaching danger of

ursemia are not all that the physician requires. Tests
are needed that would tell not merely whether death
may be at hand, but whether prolonged and active I,
life is possible; the claims made for the methods
of examining excretory power devised by L. Ambard I,
and by T. Addis and C. K. Watanabe, and the
estimation of diastase, have not yet been established
by sufficiently extended experience. Another side of
the excretory function, the removal of substances

foreign to the blood, is made use of in Schlayer’s ’,
tests with iodide and lactose and in the employment
of Abel’s phenol sulphophthalein. Schlayer’s tests
promised him more than they have performed for

others ; Abel’s phthalein test appears to perform more
than it could possibly promise. The former were
overweighted with interpretation ; the latter is capable
,of none.

REGULATORY FUNCTIONS.
In addition to the excretory functions of the kidney I

there are the two important regulatory functions, by I,
which the osmotic pressure and reaction of the blood I
are maintained at so remarkably constant a value.
These functions are, it seems to me, not given sufficient i
prominence in the ordinary accounts of what the body
owes to the kidney. Let us take first the regulation of
osmotic pressure, without going into the phylogenetic
significance of this constant-for the fascinating hypo-
thesis that the osmotic pressure of the blood is that of
the sea at that period in the history of the earth when
the higher vertebrates developed the power of main-
taining a fixed and constant osmotic pressure in the fluids
bathing their cells, a hypothesis which would put back the
date of the evolution of this function to a time when the
amount of salt in ocean water was little more than a
quarter of what it is now, must remain a hypothesis:
yet nothing is more calculated to impress the mind with
the vastness of the unknown number of millions of years
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through which the evolution of an organ such as the
kidney has been going on: a wholesome corrective for
the ambitious phantasy that the secrets buried behind
this history are to be laid bare in a lifetime. There is
no more remarkable adjustment in the body, and the
work is the kidney’s entirely. Other organs may do
what they please with the water-supply of the body.
Many hundreds of cubic centimetres may be given off
by the skin in an hour or two; the amount lost with the
air breathed varies from hour to hour, not only with the
depth and frequency of respiration, but with the degree
of saturation and temperature of the air; and at times
there may be unexpected outpourings from the bowel or
stomach, not to mention irregularities in the matter of
drinking that must in some cases be equally unaccount-
able to the kidney, and yet the adjustment is maintained;
in the normal day of a normal individual the kidney
may be called upon to do its excretory work with half
or even one-third of the average allowance of water, or
be required to turn out ten times the average amount
in an hour; so that the volume of an hour’s urine may
be anything from 20 to 600 c.cm. without any corre-
sponding variation in the output of salts or other
solids. It is no wonder that such a performance as
this should become impossible at times, and that it has
been the practice of many physicians to gauge the

powers of the kidney by calling on it to show what it
can do when the osmotic pressure of the blood is made
to fall or rise.
Water tests in one form or another are among the

most common functional tests in the study of nephritis,
and since the osmotic pressure of the blood, as of its
precambrian archetype the ocean water of that age, is
mainly due to sodium chloride, tests of its capacity
to deal with unusual amounts of this salt are also in
common use. In the interpretation of the results
obtained it is difficult to evade the need for some hypo-
thesis as to how this work is done, and as to the role
played by the several parts, glomerulus and tubule in
its different forms, of which the renal element common
to vertebrate animals consists. And so long as there
can be no clear unanimity as to the working of these
several parts the interpretation can only be imperfect.

THE REACTION OF THE BLOOD.

Lastly, there is the third function of the kidney,
the regulation of that other and no less striking
constant of the blood, the reaction. The constancy
of the reaction, which has become evident only
with the perfection of methods for measuring it

during the last quarter of a century, is continuously
threatened by the essential nature of the processes
of metabolism. The oxidation of 100 g. of protein
containing 1 per cent. of sulphur gives rise to 3 g. of
sulphuric acid, 1’7 c.cm. of oil of vitriol, or about
600 c.cm. of decinormal acid daily. On the other hand,
there is a variable quantity of fixed bases in the ash of
the vegetable components of the diet, which, though
we may be justified in averaging it up to about the
equivalent amount of decinormal alkali, actually has
very greatly different values at different times, accord-
ing to customary variations in diet. Yet the adjustment
is such that the changes in the reaction of the blood,
which must be the stimulus to the kidney causing the
variations in reaction of urine from hour to hour and
from moment to moment, are so minute as to fall
within the limits of error of the finest methods now

available, methods which have a delicacy undreamt
of a quarter of a century ago. In carryiLg out this
function the kidney is assisted by the respiratory
centre eliminating carbonic acid, by far the most
abundant acid substance produced in metabolism. But
even so, vagaries are allowed to the respiratory centre
for which the kidney has to compensate, and the kidney
remains the sheet-anchor of security for the reaction of
the blood.

Need of Further Clinical Experiments.
Tests dealing with this side of the work of the kidney

have not been applied to the study of its diseases
except by Henderson and Palmer, who showed that
the urine in nephritis tended to be more acid, anct
obtained other evidence of acidosis. The latter, they
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think, may be of renal origin, inasmuch as the amount
of ammonia used to neutralise acid in the urine is abnor-
mally low. But the diagnostic value of their findings
has not, I believe, been very fully worked out. Now the
value of tests of renal efficiency in the practice of
medicine is capable of assessment only by clinical

experience. One test may appear theoretically much
more fundamental and crucial than another, and yet
be found in actual practice to give information that is
less reliable and more equivocal. So long as our know-
ledge of how the kidney’s work is done remains as
incomplete as it is at present, it would be a mistake to
prejudge the relative values of a test based on the rate
of removal of a substance like phenol sulphophthalein,
with no physiological significance, and a test which
appears to strike at the very root of the kidney’s work,
like some form of the water test. So long, too, as the
pathological changes, complex and varying as they are
histologically, remain so difficult to correlate with
the functional disturbances which accompany them,
there must be more need for clinical experiment, and
little need for speculative theory. That being so, I am
consoled in that my own shortcomings due to lack of
clinical experience and its resultant knowledge, though
they could nowhere be more conspicuous than here,
could nowhere be more completely made good by other
contributors to this discussion.
My experience was obtained in two and a half years

during the war, when by the kindness of Colonel
Connell, commanding the 3rd Northern General Hos-
pital, the cases of nephritis that occurred in that unit
were collected in a branch hospital within a short
distance of the University laboratories, and I was given
the opportunity of studying and treating them.
Orderlies were selected for the important work of
collecting and preserving the specimens and to help
in other ways. One of these orderlies (before the war
a student of the University) helped me in the labora-
tory throughout the two and a half years, carrying
out many hundreds of estimations of chlorides and
of nitrogen ; for the latter part of the time he lived in
the hospital and attended to the collecting and measur-
ing of specimens. This enabled me to collect a large
number of data on the response of the kidney to the
tests that I employed. The great majority of these
were a kind of water test that I have described else-
where,’ in which, in addition to the measurement of
the diuresis the reaction of the urine was determined

during two periods before and four periods after the
drinking of 500 c.cm. of water, the patients being kept
in bed and not allowed to eat or drink anything else till
the six specimens of urine had been obtained.

THE DIURETIC ALKALINITY TEST.

This test was designed to test the behaviour of the
kidney in respect of its two regulatory functions referred
to above. Tests carried out in the same way on
normal subjects showed that the reaction of the urine
exhibited a remarkable and constant variation during
the hours for which the urine was examined, becoming
alkaline sometimes in the hour before, sometimes
immediately after, drinking the water at 8 o’clock.
The hourly volume of urine was, of course, greatly
increased, and one or two hours after the water was
taken amounted to six or eight times the volume passed
per hour previously. Now any diuresis tends to be
accompanied by a diminution in the acidity of the
urine. That the diuresis was, however, not the cause
of the change in the reaction of the urine in these
conditions was shown by experiments in which, with
normal subjects, the amount of water taken was
reduced to 250 and 100 c.cm., with corresponding reduc-
tion of the diuretic response, but no diminution in the
change of the reaction of the urine. An alkaline
tide normal for this time of day was found to exist, and
reasons were given and experiments described which
pointed to an increased activity of the respiratory centre
in eliminating carbonic acid as the explanation of the
less acid reaction of the urine in the forenoon after the
night’s rest. In the patients suffering or recovering
from nephritis, response to the test varied: either it
was exactly that of a normal person, or it might show

1 Brit. Med. Jour., 1919, ii., 165.

(a) no diuresis or no alkaline tide ; (b) either of these
abnormalities by itself ; or (c) both together.
The cases clinically most seriously affected almost

always showed both abnormalities ; at the first test in
a few instances they showed one without the other,
but more commonly both ; subsequently they showed
only one, and in that case generally, though not always,
diuretic response was recovered before the alkaline tide;
when both abnormalities had disappeared recovery was
clinically fairly complete. Altogether the test was used
some 330 times on 155 patients, in many cases only once,
in nearly half of them more than once, in about 20 four
or five times. The cases in group VI. were nearly all of
them passing altered blood, most of it in the form of
casts; so long as this took place they remained in
group VI. For instance, a man seen first on May 27th,
1918, the thirteenth day of illness, whose urine contained
no dissolved blood pigment, but on boiling gave a brown
coagulum amounting to about 5 per cent. of the column
of urine after standing for 24 hours, Pond for eight or
nine weeks continued to do so in some degree daily,was
tested on June 14th and July 8th and 29th; on each
occasion he reacted in group VI. without diuresis and
without alkaline tide. After seven weeks at an auxiliary
hospital in the country on Sept. 5th he reacted in
group III. with a normal alkaline tide but a subnormal
diuresis, and on Oct. lst in group II. a nearly normal
reaction, never having given, during the five weeks.
since he returned to Sheffield, more than a trace of
sedimented coagulum barely tinged with blood pigment.
He could then get about fairly well, but was still
short of breath on exertion. There had been no evidence
of fresh haemorrhage since he was under observation-
that is to say, no dissolved blood-pigment could ever be
detected with the spectroscope, excepting on one

occasion faintly in a layer 60 mm. thick.
As a test, then, of the power of the kidney to secrete

an acid urine the result was to show no impairment in
any of the cases ; the abnormality was that the urine
was acid when in normal conditions it should be
alkaline. Therefore the tendency to dyspnoea common
in this type of case could hardly be ascribed to failure
of the kidney to remove acid, although it might not be
removing it as fast as was required.

THE PHOSPHATE CONTENT.

Now the acid urine which a normal subject, no less
than every case of nephritis examined, passes during
the evening and night, differs from the more alkaline
urine of the morning, in that it contains much more

phosphate. There are experiments that seem to show
that the excretion of phosphate tends to render the
urine acid. Trevan 2 obtained alkaline urine on per-
fusion of the frog’s kidney with Ringer’s solution, but
an acid urine when a phosphate solution of the same
reaction as the Ringer’s fluid was perfused; and Dr. H. C.
Broadhurst and I have found that, while in the diuresis
induced in cats by venous injections of Ringer’s solution
the urine was alkaline, in that following injection of
phosphate solution of about the same reaction as the
blood it was acid. But the results of the estimation of
phosphate in more than a hundred of the water tests in
this series, which are summarised in the following table,
show that the phosphate excretion in none of the groups
was essentially different from that of normal subjects
treated in the same way.

Ratio of Hourly Output at Time of Maximum Dinresis to
Hourly Output during Night.

I A PHENOMENON ACCOMPANYING THE DIURETIC FLOOD.-

f It is notable that in all subjects examined, normal andi nephritic alike, the diuretic flood was accompanied by
2 Trevan : Jour. of Physiol., 1916, 1., 15.
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an increased output of sodium chloride and of nitrogen,
as would be expected, but by a diminished output of
phosphate in cases in which the urine remained acid
no less than in those showing the normal alkaline tide.
This is an indication of a tide in the output of phosphate,
which was evident also in the experiments published
in 1908 by E. P. Cathcart, E. L. Kennaway, and

myself,3 where in different subjects, on a constant and
uniform diet, the rate at which phosphate was excreted
was lowest in the morning, 48, 39, and 32 per cent. I
respectively of the average rate when the output ’
was highest in the evening, in experiments lasting i,
respectively 16, 26, and 27 days. Dr. Broadhurst I
and I recently reported to the Physiological ’,
Society experiments in which three normal subjects
exhibited the same phenomenon when no food
was taken for 36 hours, so that the rise in the output of
phosphate as the day goes on, and the high output at
night, are independent of the intake. And that they
are independent too of change in reaction is shown by
the low output of phosphate in Groups V. and VI., in
which there was no alkaline tide. It is also, so far as
data at present available indicate, not determined
merely by muscular activity. It seems at present to
be, like the tide in the output of uric acid, related to
the alternating periods of sleep and waking; we are
still at work on this point. But in any case the
abnormal acidity of urine in nephritis in the conditions
of the water test employed can hardly be attributed to
an abnormal output of phosphoric acid. It is probably
a manifestation of the tendency to acidosis in certain
types of nephritis described by Henderson and Palmer.4
It is more easily detected than an alteration in the
haemoglobin dissociation curve.

CLINICAL VALUE OF THE TEST.

As to the clinical value of the phenomenon as a test
of renal efficiency, it must be remembered that the
cases in which’it was observed were soldiers, the great
majority of whom contracted nephritis in the field in
France. These cases appear to have been almost
always cases of acute glomerulitis-characterised, that
is, by haemorrhage, raised blood pressure, often only
transiently raised, and 03dema, as a rule only at the
onset and of short duration. The cases rarely reached
Sheffield earlier than the twelfth or fourteenth day;
many of them reacted in Groups I. or II. at the first
test and were obviously well on the way to recovery.
And it is recognised that the majority of cases of acute
glomerulitis recover completely.
The pathological condition appeared to consist in the

plugging of a larger or smaller number of renal tubes
by blood clot, and the recovery to depend upon the
gradual expulsion of clots and tubular casts of altered
blood, a process often lasting for months. The output
of chloride was sometimes notably low in the early or
more severe stages, and tests by administration of
additional chloride, used at this stage in some cases,
showed this more clearly. Low output of nitrogen
was much less common ; and though the non-protein
nitrogen of the blood was estimated in very few of the
cases, it was only in those of obviously critical illness
that abnormal figures were found.
A greater difficulty in eliminating chloride than

nitrogen suggested that a film of clot composed
mainly of red blood corpuscles might show in some
degree the same impermeability to chloride and
permeability to urea that the individual red blood
corpuscle is well known to exhibit. Several experi-
ments on this point done with films of blood clotted
upon a dialyser point to this being the case, but they
are not completed; the results will be ready only for
some other occasion, when proposed improvements in
method have been carried out.
My own experience of this test on other types of

nephritis is confined to a comparatively small number
of cases, not sufficient to draw inferences from; and
there must be many better qualified than I to speak as
to experience of other tests on this or any type of case.

3 Quarterly Journal of Medicine, 1908, i., 416.
4 Henderson and Palmer: Jour. of Biol. Chem., 1912, xiii., p. 393, 

and 1915, xxi., p. 37.
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NOT a few of the clinical conditions which are to be
studied in this hospital, and which at first sight may
seem to have a purely local ineidence and significance,
possess, as a matter of fact, close and intimate relations
with other departments of medical doctrine and prac-
tice ; and, further, the full meaning of these quasi-
local conditions can only be realised when their relation-
ships and associations are recognised and appreciated.
Such a thesis may draw arguments in its support from
many different sources. At the outset it permits the
commonplace remark that individual organs-the
throat, the nose, the ear-are not isolated and self-
contained pieces of apparatus, but, on the contrary, are
parts-essential parts-of a complex and delicately
adjusted physiological machine, and that conse-

quently they may suffer as a result of disturb-
ances which arise primarily in other and possibly
remote organs, even as these latter may in turn come
under penalties as a consequence of rhinological, oto-

logical, or laryngological delinquencies. If, as we are
told on apostolic authority, " are they many members,
yet but one body," and if, as we learn from the same
source, "the eye cannot say unto the hand, I have no
need of thee," manifestly a similar taunt is equally
forbidden to the labyrinth, to the lingual tonsil, and to
the arytenoid cartilages. What is true on the physio-
logical plane is equally true in pathological and clinical
studies, as, indeed, is expressed in the text, " whether
one member suffer, all the members suffer with it "-
that is to say, if we may apply the apostolic principle to
our immediate circumstances medical practice cannot
be the mere improvement-utilitarian or aesthetic-of
particular organs, or the mere rectification or readjust-
ment of particular functions.

THE IMMEDIATE DUTY OF MEDICAL PRACTICE.
A wider outlook must be cultivated, seeing that its

immediate duty is the care and custody not of organs or
functions but of individual and suffering men and
women ; and hence we are bound to admit that a prac-
titioner who decides, as is his right, to limit his
activities to a selected group of local disturbances
comes under a moral obligation to secure the co&ouml;pera-
tion of a colleague able and willing to meet the wider
claim. This is a word which, with all due deference,
may well be spoken in any hospital professing and
cultivating the art of special practice, for the real
burden of’ professional responsibility is provided not by
maladies but by men. Nay, I will go a step farther and
will add that no conclusion based solely upon the con-
templation of local disturbances may even pretend to a
diagnostic rank or status. Such a name as nasal polypus,
or Eustachian catarrh, or papilloma of the larynx (to
select, designedly, extreme examples) is nothing but a
label attached to a positive condition existing in a
certain limited and selected portion of the body, whereas
a diagnosis is a complete picture, positive and negative,
of an individual patient obtained by a comprehensive
and inclusive survey of the whole man. The exhorta-
tion applies, let it be recognised, in both directions. It
is for those who cultivate a limited though concentrated
view not to forget the wider claim, and for those who
have a broader horizon to recall the possible need of
expert help in particular departments. While the one
thing is done the other may not be left undone.
We hear a good deal nowadays of "team-work" in

medicine. The phrase is one of the idols of the hour,
and it is true in so far as it implies that no one man
can pretend to compass fullness of knowledge or of


